A Compton spectrometer has been re-commissioned for measurements of flash radiographic sources. The determination of the energy spectrum of these sources is difficult due to the high count rates and short nature of the pulses (~50 ns). The spectrometer is a 300 kg neodymium-iron magnet which measures spectra in the <1 MeV to 20 MeV energy range. Incoming x-rays are collimated into a narrow beam incident on a converter foil. The ejected Compton electrons are collimated so that the forward-directed electrons enter the magnetic field region of the spectrometer. The position of the electrons at the magnet's focal plane is a function of their momentum, allowing the x-ray spectrum to be reconstructed. Recent measurements of flash sources are presented.
INTRODUCTION
Flash radiographic sources are employed throughout the DOE complex to provide images of dynamic experiments. The Dual-Axis Radiographic Hydrodynamic Test Facility (DARHT) at Los Alamos National Laboratory and the Radiographic Integrated Test Stand (RITS-6) at Sandia National Laboratory are two of these sources that produce intense bursts of xrays with doses of several hundred rad at 1 m. The pulses of x-rays are short, ~50 ns. The measurement of the x-ray energy spectra of these machines aids in the analysis of the produced images and in the development and understanding of the physics of the sources. A Compton spectrometer has recently been refurbished and re-commissioned in order to characterize the x-ray spectra of both continuous and flash radiographic sources.
METHODOLOGY AND MAGNET DESIGN
Our Compton spectrometer was designed and built by Morgan et al 1 in the early 1990s. A schematic and a photograph of the spectrometer are shown in Figure 1 . The spectrometer consists of neodymium-iron permanent magnets and iron pole pieces. The assembly resembles half of a quadrupole magnet with a steel plate replacing the missing half of the quadrupole. The steel plate acts as a magnetic mirror. This arrangement is like the "achromatic mirror" described by Enge 2 . A nonuniform magnetic field is produced. The magnetic field increases linearly from the mirror plane with a gradient of 632 G/cm and an average field strength of ~6 kG.
Before entering the spectrometer, the x-rays from a source are narrowly collimated into a beam incident upon a conversion target. The ejected Compton electrons are selected by a graphite collimator in the opening of the magnet's mirror plane. The graphite collimator is 1.4 cm in diameter and restricts the angular acceptance to less than 5° of the forward scattering angle. The surviving electrons enter the spectrometer at an angle of 42° with respect to the magnet's focal plane. The focal plane is located at the maximum displacement of the electrons from the magnet entrance. The position of the electrons is proportional to the square root of the electrons' momentum. The electron momentum, p, as a function of focal plane position, x, is given by the expression 
where A is the angle between the focal plane and incident beam (entrance angle) and G is the magnetic field gradient in kG/cm. The factor of two is due to the assumption of a quadrupole field 2, 3 , and 3.3356p is the magnetic rigidity in 
FLASH RADIOGRAPHIC SOURCE EXPERIMENTS: DATA
Before measurements were conducted at flash radiographic sources, the spectrometer was calibrated with a negative ion source 4, 5 at the Special Technologies Laboratory of National Security Technologies, LLC in Santa Barbara, California. An offset of 32.5 ± 0.7 mm was determined to be the distance from the beginning of the focal plane to the location of zero momentum on the focal plane. The final results of this experiment will be published later this year.
In June 2015, the Compton spectrometer was taken to the DARHT facility 6 at Los Alamos National Laboratory and to the RITS-6 machine 7 at Sandia National Laboratory. The predicted spectra for both machines is shown in Figure 2 . The modified Kramer prediction is taken from the Kramer model 8 of bremsstrahlung x-rays, and the normalized prediction is taken from spectral information obtained with step wedges of known density. The first experiment was conducted at DARHT Axis I. A schematic and image of the setup, including convertor foil positions and collimation, is shown in Figure 3 . After the completion of the DARHT experiment, the Compton spectrometer was taken to RITS-6. A sketch and photograph of the RITS-6 setup is shown in Figure 5 . Figure 5 . A sketch of the RITS-6 experimental setup is shown at left. Dimensions are not scaled. A photograph of the setup is shown at right. On the inside of the steel box, the spectrometer was shielded by a double wall of 5 cm lead bricks on its front and sides and a single wall on its back, top, and bottom.
An image plate scan of a RITS-6 pulse taken with a 3 mm convertor foil is shown in Figure 6 . Figure 6 . Image plate data with a 3 mm aluminum convertor foil. Axis units are in pixels.
SOURCE MEASUREMENTS: DATA AND RESULTS
The intensity profiles in the region of interest of the phosphor images were summed and endpoint energy determined. The region of interest is the signal from the Compton electrons, the white streak visible between the magnet pole pieces in the image plate scans. A preliminary comparison of the DARHT x-ray spectrum obtained from experimental runs with the convertor foil in both the upstream and downstream positions and of a model generated with known step wedge data is shown in Figure 7 . This model was used to calculate the predicted electron spectrum shown in Figure 2 (left). Figure 7 . A blunt peak is slightly visible in the spectrum which is not predicted by the models. This increase in intensity is more pronounced in the upstream target data due to its lower angular acceptance and increased resolution.
Electrons are accelerated up to 8 MeV and then self-magnetically pinch on an anode during operation of the RITS-6 machine. Thus an energy endpoint of 8 MeV is expected for the RITS data. Preliminary electron and x-ray spectra for RITS-6 is shown in Figure 8 . The energy endpoint of both the electron and x-ray spectra appears to be in the 7-8 MeV region as expected. Note that the data is not background subtracted. Figure 8 . The preliminary electron (left) and x-ray (right) spectrum of RITS-6. The spectra are not background subtracted.
CONCLUSIONS
The Compton spectrometer has been successfully fielded on two pulsed-power flash radiographic sources for the first time.
Experiments at both DARHT Axis 1 and RITS-6 were conducted in June and July 2015. Preliminary results suggest energy endpoints at 18.4 MeV for DARHT and 7-8 MeV for RITS-6. Analysis is in progress. The final results are expected to be published within the next year. A time-integrated detector system that will consist of scintillator segments along the focal plane and a time-resolved detector system with a target resolution of less than 2 ns are also in development.
